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Summary

During the last six months of this grant (1 July - 31 December 1972),

e prpp

significant progress was made in three general research areas. The publi-

cation in July of our prelinminary evidence for a pulsed, “hard" x-ray

PR

p laser stirred a controversy among laser physicists that still persists.

[ ot Cur own work in the meantime on this problem has been directed toward the

L Rad

development of a2 theoretical nmodel for our earlier results, an intensified

_..
R
.

investigztion of the characteristic properties of the pumping neodymiun:

RN AT
\

'

glass laser, and wost recently the development of preliminary evidence for

i Bragg diffraction of the x-ray puises by a gcld foil target.
%; Our investigations of nearly diffusion controlled reactions in liquid
f %3 solutions by the electric field jump (E-juzp) relaxation technique have
i g} - also been fruitful during this sace period. Our concern is to develep
; 2% - experirental evidence for the precise nature of the rate determining step
% in reactions retween solvated protons and various anions. New Xinetic
¥

IR-Uoetibt,

data obtaired in water and D,0 providc persuasive evidence for the rate -

s

2

deternining step in such reactions being neither diffusion of the ions
toxard one another nor actual protoa transfer but instead reactant re-

crientation as by rotation or desoivation. Our sizultaneous developzent

of an E-ju=p zpperatus that dstects Xkiretic rslaxations at ultraviole:

. wavelengtls pronises to provide access to 2 brozd range of rapid carbonium

A i d ]

and carbanican reactions in organic solvents.

The third research arez in xhich we have mzde progress deals with a

L wuild

1 variety of dyves used in photogrephic procaesses. Therzodynexic and kinetic

stwdies of the direrization of 4, 4', 4", 4"'-tetraocizdecylsufcna=ido-

+

- - -~ = - - + - =
b - phthalecyaning cepper (3I) and of its In? =nd ¥0? analogs in CCiy =nd
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benzene revealed a2 surprisingiy strong dependence of the dimerization
equilibrium and rate constants upon the nature of the central metal atom.
Our plans to measure excited state lifetimes for severzl photographic
dye sensitizers were altered by a literature survey that uncovered several
previously measured iifetimes of the order of tens of picoseconds. Although
we are still assembling a flash calorimeter with an instrument time con-
stant of the order of tens of microseconds that we intend to use in slower
rate studies, our present plan is to mode lock a commercial argon ion
puzmped dye laser to give us access to the picosscond lifetime region

apparently characteristic of the important photographic dye sensitizers.
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The publication in July [J. G. Kepros et al., Proc. Natl. Acad. Sci.
U.S., 69, 1744 (1972)] of tentative evidence for a superradiant "hard"
x-ray laser coupled with Dr. Kepros' somewhat extravagant claims in the
popular press stirred a great deal of interest and controversy in the
laser physics community. Dr. Kepros spent the balance of th: sucmer and
early autusm working cu various theoretical models to account for the
observed pulses of x-rays. He also accumulated preliminary experimental
data that suggested that other nevzl ions in sandwich-gelatin targets
[such as zinc(I1) and iron(III)] produce x-ray pulses when pumped with the
G-switched Né:glass laser just as well as copper{il) ions casn.

In early Novezber, Kepros and E. Eyring attended z Navy sponsored
meeting ("New Laser Concepts') in Key Largo, Florida that provided a
valuable opportunity to describe the "Utah laser™ to soze of its sharpest
critics. Elton and andrews of XRL were also present to Gescribe their
confir=atory experizents [Appl. Optics, 12, 155 (1973)j. B8en Lax, art
Guenther, Phil “iallozzi and others preseat with a stroag iaterest in
developing x-ray lasers apoeared to concede an outside pessibility of the

Utzh oxperizment: being correctly interpreted. The most useful oulceze

(=]

£ this conference for the Utzh effort was the estszblishzent of an

bode

nforz=al ccilaboration xitn Dr. Mallozzi on theoretical aspects of the
"Utah laser.™
Iz svbsegrent coliaborative sessions in Miz=i, Fla., and Coiusdus,

Ohio, Mallozzi and Xepros have formulated z model for the Utah laser with

4

4
h

oliowing essentizl features: in 2 Nd:glass, Q-switched laser oscii-

Thers can bz 10 o 105 modas sustained oy the cavity. Those moéss
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couple in such a way that extremely intense pulses of short duration

(£rom sub-picosecond to tens of piccseconds) with a substantial fractionm

 aeer mean cmranteamn e

the total energy (a joule or more after amplification) are occasionally

ot e oy

produced (about one in ten or twenty Q-switched pulses). The energetics
£ these short pulses interacting with the plasma formed by the main part !

of the pulse are such that a population inversion is possible.

in pid zutumn txo students were added to the grour working on the

X-rzy laser: FWilliam Hexrrmamn, a B.S. physicist from the University of

Texas (Austin) and Dr. J. T. Xnudtson, a Columbia Univexrsity Ph.D. in

physical chezistry experienced in the use of high power gas lasers. These

two people have spent zost of their tise mastering the operatica of the

2l

[SARILE R

Xd:glass laser and carrying out =incr variations on Xepros' experizent.

Their efforts did not interfere with the execution of what may bhe

. Dr. Xepros' nost iateresting experizent to date. In December, he cbserved

wvhat p2y be 2 powder diffraction pattern frem a two nicron thick gold

foil. The pattern was obtained with z Polaroid XR-7 cazerz systen and

A R T T AT AT

2n intensifier screen and consisted of a series of single spots 1iying

PSP PN S AR P

on the circuxference of 2 3.1 @ diaceter circle. The spots were produced

AR ) )k
La)

e "Utah laser.™ Tae only difficulty with the

g

— AR R A v i {1 o

dizzeter 2s that of tk= arincipel circle of z powdar pattern produced with

| 2 sane golé foll znd cozmera subjected for severzl hours o an incorerent
dezn of Cu ¥, T2diation from an ordinary x-ray tube. This discrepancy
! =2y arise fres the physical displacement of the goid Teil fros its expecied i
¥
Sdsition by pressure from the coilimztor Zor The czlibrating imccherent 3
b - x-rz2dizzion. i
} §
— = e —— [ - S . - :‘,;‘ - - -
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The cbserved single circle of spots in the laser diffraction experi-
rent nsy be evidence for a single electronic transition in the copper
sulfate target emitting coherent radiatioen. It is unlikely that more
than one transition would lase. However, if the emitted beam were rerely

L)

collinmated, polychromatic (Cu au!, Kaz S , and n- ) x-radiation, pairs
(dcublets) or quartets of spots would be expected, depending upon the
resolving power of the spectrograph, since thea the emission would merely
depend on a plasma "temperature." The appearance of only a single ring
of points is, therefore, preliminary evidence for a true x-ray laser. It
would, of course, be more convincing had it been observed with no-screen

filn instead of Polaroid and had the circles produced by the “coherent™

x-radliztion and by the incoherent x-radiation been identical in dianeter.

-

At E. Eyring’s invitation, Thomas A. Boster of the Lawrence Livermore

Lzpeoratorics observed the operation of the "Utah laser” on November 2nd.
He brought with him three fils packs each of which contzined three pieces

of no-screen film. The packs were apparently made from outer wrappers

of Typc 57 Polaroid film aud were wrapped in 4 mil thick black polyethylene.

nz Nd:glass lacer was fired at over fifty successive copper-gel sancwich
targets zad the film packs wers placed where exmitted x-radiation was ex-
pacted. Boster subsequently developes his filos at Livermore and has

claizad that all the spots observaed en filz at Utah are electrostatic

There areé good roascns for doudbting Boster's zllegation. Tae spots

he reported were obtaineé with film wrapped 1aa an electrostatic =aterial,

poivathyiens, rather then 2iz-inen foll routinely used at Utzh. Xepros
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has since reproduced Boster's spots by wrapping film in Mylar and rubbing
it with no exposure to laser radiation. Furthermore, the spots observed
in Boster’s clectrostatic experiments have sharp edges rather than the
"feathered" edges observed in the "Utah laser" experiments. This latter
type of spot edge would be expected from a pulse consisting of a packet

of electromagnetic waves.

The expenses incurred in the above studies were met only in part from

this AFQOSR grant with the bzlance of over five thousand dollars coming

from awards made to E. Eyring by the University cf Utah.
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A concurrent effort was made with AFOSR support, during the latter
half of 1972, to increase our understanding of so-called diffusion con-
trolled reactions between icns in liquid solutions. A gradvate student,
David Lentz, and a postdoctoral student, Gary Henderson, collaborated

in measuring electric ficld jump relaxation times for the reaction

H + In?" = Hin~ (1)

where HIn is the protonated form of bremocresol green. As solvents they
used water-glycerol mixtures of varying compositions. They deteramined
rate constants at several temperatures b :tween 5° and 66°C and calculated
activation parameters that suggest that the rate determining step in the
ion-recombination is not diffusion ot the ioms toward one another but
some other process such as rotation of the dianion into z more favorable
orientation. However, their experimental data are so imprecise that we
have no plans for publitation other than in an Appendix to the Ph.D.
thesis of David Lentz.

Dr. Henderson left for an industrial job in mid-zutumn and his
replacement, Dr. Jon Hutchins, in collaboration with Lentz, initiated
an E-jump kinetic study of equilibrium (1) for bromocresol green, bromo-
cresol purple, and chloropherol red in water arnd in D20. The resulting
solvent kinetic isotope effect data may be compared with the Debye
phenomenological equaticn for diffusicn controlled reactlons. In thLis
case, the evideace is much more persuasive that the rate determining
step is not translaticnal diffusion of the ions,and a manuscript des-

cribing these results has been prepared for rubiication.
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Steven L. Olsen, aa 2iecirical eng
T szme six month period designed an
violetr light source andé faster photomulti
apparatus that will be used to study re

ing species such as carboniu= ions znd cazrbanions
A graduate student, Richard €. Grahszz, coiiadoratsd witk Dr.
on 2 study of squilidria and kimetics of dizarization of sswamal ghiksio-

cvanine dyes in ron-agueous solvemis. Just prewd
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Ratios of rat2 constants were not entirely consistent with spectro-

photometrically determined equilibrium constarts, but it appears possible

to account for these discrepancies in terms of a two step reaction

- 3 o1
<N 588 S A &

mechanism and solvation effects.

The most interesting result of this kinetic study of these two dyes,

vhich were incidentally pruvided by Dr. Alaa R. Monahan of the Xerox

Corporation, was the indicatioa that -.... .tral metal ion in such large ‘ 1

.

ccaoplex ions influences to a surprising extent the rate of the dye
dimerization. The results of this dimerization study are found in
Graham's Ph.D. thesis and are being prepared for formal publicatica.
Since his arrival in November, Dr. Knudison has done a literature
survey on excited state lifetimes of photograpiaic dye sensitizers.
Polymethine dyes are also useful as saturable absorbers to mode lock

lasers. Thus people are able to infer excited state lifetimes from

RIS FERT Y TSI I YT WA MNIOOREEL ONNEY SRS |11\ v e s e o+

widths of mode-locked laser pulses. For example, 1,1'-diethyl-2,2'-

TR

dicarbocyanine iodide has an inferred {irst excited singlet state life-

TR

time of 3 picoseconds [E. G. Arthurs, et al., Appl. Phys. Lett., 20,

125 (1972)]. A direct measurement of a similar lifetime or 22 + 4 pico-

seconds for cryptocyanine was made by Duguay and Hansen [Optics Comm.,

BORCRESE
o

: 1, 254 (1869)]. These results have an important consequence for our
E proposed investigation of the mechanism of photographic dye sensitization

of silver bromide by flash calorimetry [J. B. Callis, et al., Rev. Sci.

WOV, DRI

Instrum., 40, 1599 (1969)]. The flash calorimetric apparatus we have

under construction will have, at best, an inst_umental “ime constant of

i
R

&. 10 microseconds. We, therefore, intend to use a mode-locked dye laser




Nasd

. . ‘ T

as our primary tool for investigating the spectroscopic propertics cf
sensitizing dyes. Such a laser is not presenti; available commercially,

but the techniques for its assembly have been described to us by workers

e A

at Bell Laboratories in New Jersey. Only fairly straightiorward

s o ST

modifications of the Spectra Physics Model 370 dye laser we have on
’ order will be required. :
i
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